SUMMARY The effect of increasing temporal frequency on contrast sensitivity anomalies in unilateral optic neuritis has been investigated. For 4 c/deg gratings no change in the deficit was observed at any temporal frequency whereas there was a tendency for the deficit to decrease with increase in temporal frequency for 05 c/deg gratings. The latter effect was not observed in a case of optic neuritis with severe deficit and not in two cases of other optic nerve pathology. An explanation based on the assumption that "threshold scotomata" might be present in cases of demyelinating optic nerve disease is proposed.
Over the past two decades our understanding of the complexities of normal visual function has been greatly enhanced by the methods introduced by Schade' and formalised by Campbell and Robson.2 This approach has succeeded in directing our attention, previously fixed on acuity (spatial and temporal), towards the study of the sensitivity for intermediate sized (spatial or temporal) stimuli. The justification for this psychological change of direction was the neurophysiological finding that single cells in the animal visual system respond only over narrow ranges of spatial and temporal frequency. There is now independent psychophysical evidence for discrete spatial and temporal processing mechanisms or channels in human vision. The spatial channels have a bandwidth ranging from less than an octave to one octave34 and there are thought to be a minimum of seven.5 Temporal processing is thought to involve just two broadband channels.5 Tolhurst6 and Kulikowski and Tolhurst7 labelled these pattern and movement mechanisms according to their speculative contributions to perception.
Recent investigations of the visual loss resulting from optic nerve demyelination and other visual disorders have built upon and benefited from this emerging framework of normal visual processing. We now know, for example, that not only can a group of low frequency spatial channels be affected independently of those at high spatial frequencies8-" but individual spatial channels at intermediate spatial frequencies can also be selectively affected. '2 13 Although our appreciation of the way in which optic neuritis can affect the spatial channels of vision is well developed we know almost nothing of how the temporal channels are affected because all of these previous studies have used stationary stimuli or spatial stimuli temporally modulated at low rates. The present investigation has been directed towards this issue.
Apparatus and methods
Grating stimuli varying sinusoidally in space and time were generated on a large screen monitor (Joyce screen) digitally. The contrast of the stimuli was varied (3-10 settings) by the patient using an 80 position switched logarithmic attenuator. The field size was 150 x 100 and the screen's space averaged luminance remained constant at 200 cd/m2. The frame rate was set to 100 Hz thus allowing three frames per temporal cycle at our highest temporal frequency (30 Hz). Each eye was carefully refracted. The other eye was occluded. A fixation mark was provided to stabilise eye movements and accommodation. The stimuli were always presented initially below threshold and adjusted by the patient until the spatial or temporal aspects of the stimulus could be detected, whichever predominated. Active pupils (2-4 mm) In figs 2 and 3 sensitivity is compared for a wide range of temporal frequencies for two spatial frequencies. The results for the normal eyes are shown as unfilled symbols while those of the affected eye as filled symbols. For the low spatial stimulus (0.5 c/ deg) the loss of sensitivity in optic neuritis depends upon the temporal rate of stimulation. In all cases losses occurring at low temporal frequencies diminished as temporal frequency increased. Contrast settings were no less accurate in the affected than the unaffected eye at any temporal frequency.
The temporal results ( fig 3) 
Discussion
Our results suggest that visual loss in some cases of optic neuritis depends upon both the spatial and temporal frequency of the stimulus. For low spatial frequency stimuli sensitivity is more severely impaired at low temporal frequencies. As the temporal frequency is increased so the threshold anomaly diminishes. This is not so at higher spatial frequencies.
In concluding this, efforts were undertaken to ensure that the steeper high frequencies limbs of the low spatial frequency curves are not masking any parallel displacement of the thresholds for the affected eye. Also on a number of occasions low spatial frequency curves were repeated using higher frame rates (200 Hz) and found to be consistently less affected in optic neuritis for higher temporal rates of stimulation. This effect was always much greater than the standard deviation of the threshold setting (less than symbol size). For medium spatial frequency stimuli the loss of sensitivity in optic neuritis is independent of temporal frequency. This complex spatio-temporal dependence of the visual loss in optic neuritis was not observed in a more severe case nor in the two cases of compressive and ischaemic optic nerve pathology.
At first glance these findings seem to indicate that there may be two different temporal channels for low and high spatial frequencies. At low spatial frequencies the high temporal channel is less affected whereas at medium spatial frequencies there is either only one temporal channel or, if there are two, both are equally affected. Furthermore, the results seem to be at odds with previous studies of critical flicker frequency (CFF) in multiple sclerosis '-16 in which reduced CFFs were found for low spatial frequency stimuli (that is spots greater than 1 deg in diameter) in a high percentage of eyes. Our findings, on the other hand, suggest a diminished threshold abnormality as temporal frequency is increased for low spatial frequencies in cases of optic neuritis with mild deficits.
An important difference between the CFF studies and our own which may help to reconcile these discrepancies and simplify our analysis of the way in which temporal channels are affected in optic neuritis concerns the area of stimulation and hence its localisation in the visual field. The CFF experiments utilised small, highly localised (though spatially broad-band) stimuli (for example spots) whereas the contrast threshold technique involves large areas of stimulation with periodic (spatially narrow-band) stimuli. Correspondence between these two approaches would be expected only when the deficit being investigated does not vary across the visual field.
We The simplest explanation for the effect of simulated scotomata is that for low spatial frequency stimuli there is a difference in spatial (areal) summation for stimuli varying at low and high temporal rates such that as the area of stimulation is For normals this finding that thresholds for low spatial frequency stimuli temporally modulated at high rates are not as much affected by stimulus area (as compared with those at low rates of modulation) implies that the detecting mechanism is localised in sensitivity deficits in optic neuritis.
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